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Surfactants have been widely used in many industries, one of them is sodium 
dodecylbenzene sulfonate (DBS) which is a major component used in the manufacture 
of detergents and considered as toxic material. Various methods have been undertaken 
to reduce DBS content in water. One of them is adsorption, which is known as the most 
effective and environmentally friendly method so far. Our previous study has 
successfully synthesized an adsorbent C–3,4–dimethoxyphenylcalix[4]resorcinarene 
triphenylphosphonium chloride (CRP). The aim of this study is to investigate the 
adsorption of DBS by CRP. Adsorption studies were carried out using the batch 
methods at different acidity, contact time, and initial DBS concentration and analyzed 
using UV–Visible, FTIR, and SEM–EDX spectrophotometer. The results showed the 
optimum condition of DBS adsorption was at pH 8, contact time 120 min, and DBS 
concentration 40 mg/L. The maximum capacity for the adsorption process was 12.93 
mg/g. The rate of adsorption was found to follow the pseudo second–order kinetic 
model and the Langmuir adsorption isotherm. The mechanism was a chemisorption 
that occur in monolayer (G ads = –24.87 kJ/mol). 
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1. INTRODUCTION 
  
Surfactants have been widely used in various 
industries such as paper, electroplating, cosmetics, food, 
pharmaceutical, and laundry industries. The classification of 
surfactants is divided into 3 types: cationic, non–ionic, and 
anionic. Anionic surfactants are produced about 60% 
compared to other species (Karray et. al., 2016). Sodium 
dodecyl benzene sulfonate (DBS) is the major component 
used in detergent manufacturing (Taffarel & Rubio, 2010). 
The disposal of surfactant directly into water can lead into 
serious environmental pollution and is relatively difficult to 
be degraded (Lechuga et. al., 2016; Jardak, 2016). The high 
concentrations of DBS in the environment could be 
potentially xenobiotic compounds that are toxic. DBS can 
affect the mobility of organic compounds and minerals 
present in the soil/sediment to enter into plants thus 
interfering with the process of photosynthesis in plant leaves 
(Edwards et. al., 1994). Acute toxicity of DBS has a value 
of LD50 400–5000 mg/kg body weight (OECD, 2005). 
DBS enter the fish body through its gills and skin (Ying, 
2006) which can cause death (Budiawan et. al., 2009). 
Various methods have been done to reduce 
surfactant concentration such as coagulation methods 
(Beltran–Heredia et al, 2009), photocatalytic oxidation 
(Ono et. al., 2012), precipitation (Takayanagi et. al., 2017), 
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and adsorption (Wulandari et. al., 2016). Adsorption is one 
of the most effective and environmentally friendly method. 
Some of the adsorbents that have been used to reduce the 
DBS content are natural zeolite–CTAB (Taffarel & Rubio, 
2010), activated carbon (Zhao et. al., 2013), and C–4–
ethoxy–3–methoxyphenylcalix[4]resorcinarene triphenyl–
phosphonium chloride (CERP). Adsorption of DBS using 
CERP is optimal at pH  8, contact time 120 min, and DBS 
concentration of 40 mg/L. The adsorption follows the 
second order pseudo and the Langmuir adsorption isotherm 
through chemisorption with G = –23.83 kJ/mol and a 
maximum adsorption capacity of 11.53 mg/g (Wulandari 
& Jumina, 2016). 
The usage of calix [4] resorcinene compound as a 
DBS adsorbent is still limited thus still needs to be 
developed. This effort has been made by synthesizing C–
3,4–dimethoxyphenylcalix [4] resorcinarene triphenyl–
phosphonium chloride (CRP). CRP is synthesized from 
vanillin through methylation reaction, electrophilic 
substitution of aromatic–cyclization, chloromethylation 
and nucleophilic substitution which has 97.14% yield with 
a melting point of 296 C (Wulandari & Jumina, 2016). 
The ability of CRP in adsorbing Cr (VI) has been studied 
and it is known that its maximum adsorption capacity of Cr 
(VI) is 15.71 mg/g which occurs by chemisorption  (G = 
–36.24 kJ/mol) (Wulandari & Jumina 2016) however the 
ability of CRP in adsorbing DBS has not been studied yet. 
In this study, the ability of CRP to adsorb DBS was studied 
based on the influence of pH, contact time, and DBS 
concentration. 
 
2.  METHODS 
 
2.1 Material and Equipment 
Materials used in this study were methylene blue 
(MB) reagent 100 mg/L, Whatman 42 filter paper, H2SO4 
6N, sodium phosphate monohydrate (NaH2PO4:H2O), 
100% DBS (w/v), CRP, destillated water, and chemical 
reagents used in sample analysis. All chemicals used were 
analytical grade and CRP used in this research was 
synthesized from previous research. CRP was synthesized 
through methylation reactions, electrophilic substitution, 
cyclization–condensation, chloromethylation, and aromatic 
nucleophilic substitution (Wulandari & Jumina, 2016). 
The equipment used in this study were laboratory glassware, 
analytical scales, magnetic stirrer, pH meter, UV–Visible 
spectrofotometer (Shimadzu, UV–1800), Fourier 
Transform Infrared Spectroscopy (Shimadzu, Prestige 21) 
in the range of 4000–400 cm–1 wave numbers, and 
Scanning Electron Microscope–Energy Dispersive X–Ray 
Spectroscopy (SEM–EDX) (JEOL JD–2300) measured at a 
voltage of 15 keV with 10000 times magnification. 
 
2.2 Procedure 
 The adsorption study was conducted through batch 
method and adsorption parameter such as acidity, contact 
time, and DBS concentration were determined as research 
parameter. The effect of acidity was observed in pH range 
5–10, contact time 15; 30; 60; 90; 120; 180; and 240 min, 
and the effect of DBS concentration was observed at 
concentrations of 10, 20, 30, 40, 50, and 60 mg/L. 
Adsorption was performed by adding 0.002 g of CRP into 
100 mL of DBS solution. The solution was stirred for 3 
hours at 25 °C, then centrifuged for 20 minutes at 3500 
rpm. The centrifugation result was filtered with Whatmann 
42 filter paper then the filtrate was added with 25 mL MB 
complexing solution and 10 mL chloroform then extracted. 
The obtained organic phase was analyzed using UV–Visible 
spectrophotometer at 625 nm wavelength. The standard 
curve was made from a series of DBS standard solutions 
with concentrations 0.1; 0.2; 0.4; 0.6; 0.5; 1; 2; 3; and 4 
mg/L. The adsorbed DBS surfactant concentration was 
obtained from the initial concentration of DBS surfactant 
reduced by the residual DBS surfactant concentration. The 
concentration of DBS that absorbed into the CRP 
compound was calculated based on the difference between 
the initial concentration (Co) and the residual concentration 
in the solution at time t (Ct). The experiment was 
performed with 3 repetitions (triplo). The interaction of 
CRP with DBS then studied through spectroscopic analysis 
with FTIR and SEM–EDX. 
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3. RESULT AND DISCUSSION 
 
  The effect of acidity on DBS adsorption by CRP 
showed that adsorption occurred optimally at pH 8. Under 
basic condition, DBS tended to be in its anion form (Fig. 
1). 
 
 
 
 
 
 
 
Figure 1. Effect of pH (a), contact time (b), and concentration (c) in DBS adsorption by CRP 
 
 
 
 
 
 
Figure 2. DBS in its anion shape (Manousaki et. al., 2004) 
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Figure 3. The pseudo first–order (a) and pseudo second–order (b) of adsorption kinetics in DBS adsorption by CRP 
 
Table 1. Parameter value of DBS adsorption kinetics  
MKinetics 
Model 
Equation 
k x10–3 (g mmol–
1minute–1) 
R 
Lagergren log (1,3116 – ) = –0,0025 t + 0,1178 2,5 0,2768 
Ho dan McKay 

 = 0,3872 t + 28,3450 5,29 0,8943 
 
Based on the adsorption pattern at various contact 
times, it was shown that the ability of CRP in adsorbing the 
DBS anion increased significantly in the time span of 15–
120 minutes and the adsorption equilibrium was reached at 
120 minutes contact time. Observations through variation 
of DBS concentration on CRP adsorption power were 
performed to determine the maximum adsorption capacity 
of adsorbent to DBS anion. The optimum concentration of 
DBS adsorption by CRP was 40 mg/L. The decreased of 
DBS adsorption at contact time above 120 minutes and at 
concentrations above 40 mg/L due to saturation of the 
active site of CRP which has quarterner phosphonium 
group that positively charged. 
  The pattern of DBS adsorption by CRP was based 
on time changing the studied according to pseudo first–
order of Lagergren adsorption kinetics model (Ho, 2004) 
and pseudo second–order Ho and McKay (2000). 
Based on adsorption kinetics result, it tends to 
follow the Ho and McKay pseudo second–order of 
adsorption kinetics model with linearity level closed to 1 
and adsorption rate constant was 5,29 x10–3 g mmol–1 
minutes-1. DBS adsorption by CRP then studied using 
Langmuir isotherm model (


=

(
..)
+



) and 
Freundlich (log  = log  +  


log ). 
Based on Figure 4, the DBS adsorption occurred in 
this study followed the Langmuir isotherm adsorption 
model equation. The maximum adsorption capacity and the 
adsorption energy of DBS on CRP were summarized in 
Table 2. 
The calculation of adsorption energy on CRP was 
determined by Gibbs free energy equation (G ads = –RT 
ln K). The adsorption energy obtained for –24.87 kJ/mol 
was classified as chemical adsorption (Adamson, 2004). The 
chemical adsorption from interaction between the DBS 
anion and CRP was caused by the presence of an active site 
of quarternary phosphonium groups that could interact 
with the DBS anion. DBS anion adsorption by CRP only 
occurred under basic condition. The interaction mechanism 
in CRP with DBS anion should be preceded by DBS 
protonation. The proposed interaction model of CRP with 
DBS anion was shown in Figure 5. 
Confirmation of the interaction between CRP and 
DBS anion as a target for trapping was done through 
spectroscopic studies using IR and SEM–EDX spectrometry 
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method. Based on the IR spectra from the CRP–DBS and 
CRP complexes that had not interacted with DBS anion, 
there were a significant differences of absorption in certain 
wave number (Figure 6). Reduced absorption intensity at 
wave numbers 748 cm-1 and 694 cm-1 and absorption loss at 
493 cm-1 wave numbers in the IR spectrum (Fig. 6b) 
indicated that the quarterner phosphonium had interacted 
with DBS anion and left the hydroxy group which was still 
readable on 3425 cm-1. Thus, the CRP–DBS complex has 
been formed. 
 
 
Figure 4. Langmuir (a) dan Freundlich (b) isotherm adsorption 
 
 
Table 2. Capacity and energy of DBS adsorption by CRP 
Isoterm Adsorption Model 
Slope 
( ⁄ ) 
 
(mg/g) 
intercept 
 (. ⁄ ) 
 (L/mol) 
 Ads 
(kJ/mol) 
Langmuir 26948 12.93 1.1738 22957.91 –24.87 
 
 
 
 
Figure 5. The adsorption interaction model of DBS by CRP 
(Utomo, 2012) 
Figure 6. The FTIR spectra of CPR (a) and CRP–DBS complex (b) 
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Figure 7. SEM of CRP (a) and CRP–DBS complex (b) 
 
 
 
 
 
Figure 8. EDX of CRP (a) and CRP–DBS complex (b) 
Characteristics of microstructure, energy, and 
percentage of chemical constituents in both CRP and CRP–
DBS complexes were determined using SEM–EDX under 
operating conditions at a voltage of 15 keV and 10,000x 
magnification. Through enlarging 10,000x in SEM image 
(Fig. 7), it was clear that there were differences in the 
appearance of microstructure of CRP before and after 
adsorbing DBS anion. In the CRP–DBS complex SEM 
image, it appeared that the CRP surface has been covered 
by the DBS anion. This indicated that the CRP–DBS 
complex has been formed. 
The formation of the CRP–DBS complex was 
further proved by elemental analysis to determine the 
content of elements and compounds in the complex 
through quantitative analysis of EDX. Through EDX it 
would be known that the element content in both CRP and 
CRP–DBS complex to SEM image of 10,000x 
magnification (Fig. 8). The elemental scanning results 
showed some of the dominant elements C, O, and P as well 
as the little Cl elements present in CRP. An important 
finding of SEM–EDX analysis was the replacement of Cl 
elements on CRP by S elements of DBS with 0.07% mass 
percentage. This showed that there was an interaction 
between CRP and DBS anion. The interaction that occured 
indicated that the CRP–DBS complex has formed. 
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CONCLUSION 
 
 Based on the adsorption study, it can be concluded 
that the adsorption of DBS by CRP in forming CRP–DBS 
complex was effective at optimum condition pH 8, contact 
time 120 min, and DBS concentration 40 mg/L. The 
adsorption followed a pseudo second–order  kinetic model 
and the Langmuir isotherm adsorption which proceeded in 
a monolayer with a maximum adsorption capacity of 12.93 
mg/g. 
 
ACKNOWLEDGEMENT 
 
 The authors would like to appreciate Baristand 
Industri Pontianak for facilitating this research. 
 
REFERENCES 
 
Adamson, AW., 2004, Physical Chemistry of Surface, 5th 
edn, John Wiley and Sons, New York. 
Beltrán-Heredia, J., Sánchez-Martín, J., & Solera-
Hernández, C. 2009, Removal of sodium dodecyl 
benzene sulfonate from water by means of a new 
tannin-based coagulant: Optimisation studies 
through design of experiments, Chemical 
Engineering Journal, 153(1–3):56–61. 
Budiawan, Fatisa, Y., dan Khairani, N., 2009, Optimasi 
Biodegradabilitas dan Uji Toksisitas Hasil 
Degradasi Surfaktan Linear Alkilbenzena Sulfonat 
(LAS) sebagai Bahan Deterjen Pembersih, Makara 
Sains, 2(13):125–133.  
Edwards, D.A., Adeel, Z., and Luthy, R.G., 1994, 
Distribution of Non-ionic Surfactant and 
Phenanthrene in a Sediment/Aqueous System, J, 
Environ. Sci. Tech., 28:1550-1560. 
Jardak, K., Drogui, P., Daghrir, R.,2016, Surfactants in 
aquatic and terrestrial environment: occurrence, 
behavior, and treatment processes, Environmental 
Science and Pollution Research, 23(4):3195–3216. 
Ho, Y.S., 2004, Citation Review of Lagergren Kinetic rate 
Equation on Adsorption Reactions, Scientometric, 
59(1):171–177.  
Ho, Y.S., McKay, G., 2000, The Kinetics Of Sorption of 
Divalent Metal Ions onto Sphagnum Moss Peat, 
Water Research, 34(3):735–742.  
Karray, F., Mezghani, M., Mhiri, N., Djelassi, B., Sayadi, 
S., 2016, Scale-down studies of membrane 
bioreactor degrading anionic surfactants 
wastewater: Isolation of new anionic-surfactant 
degrading bacteria, International Biodeterioration 
& Biodegradation, 114:14–23. 
Lechuga, M., Fernández-Serrano, M., Jurado, E., Núñez-
Olea, J., Ríos, F., 2016, Acute toxicity of anionic 
and non-ionic surfactants to aquatic organisms, 
Ecotoxicology and Environmental Safety, 125:1–8. 
Manousaki, E., Psillakis, E., Kalogerakis, N., dan 
Mantzavinos, D., 2004, Degradation of Sodium 
Dodecylbenzene Sulfonate in Water by Ultrasonic 
Irradiation, J. Wat. Res., 38:3751–3759.  
OECD, 2005, OECD SIDS Initial Assessment Report for 
21st SIAM of Linear Alkylbenzene Sulfonate (LAS), 
Organization for Economic Cooperation and 
Development (OECD), UNEP, Paris.  
Ono, E., Tokumura, M., Kawase, Y., 2012, Photo-Fenton 
degradation of non-ionic surfactant and its mixture 
with cationic or anionic surfactant, Journal of 
Environmental Science and Health, Part A: 
Toxic/Hazardous Substances and Environmental 
Engineering, 47(8):1087–1095. 
Taffarel, S., Rubio, J., 2010, Adsorption of sodium dodecyl 
benzene sulfonate from aqueous solution using a 
modified natural zeolite with CTAB, Minerals 
Engineering, 23(10):771–779. 
Takayanagi, A., Kobayashi, M., Kawase, Y., 2017, Removal 
of anionic surfactant sodium dodecyl benzene 
sulfonate (SDBS) from wastewaters by zero-valent 
iron (ZVI): predominant removal mechanism for 
effective SDBS removal, Environmental Science 
and Pollution Research, 24(9):8087–8097. 
R. Wulandari et al./Jurnal Teknologi Pencegahan Pencemaran Industri 9 (2018) 1-8 8 
 
 
Utomo, S.B., 2012, Sintesis Senyawa Kaliks[4]resorsinarena 
Baru Turunan Anetol dan Eugenol sebagai 
Adsorben dan Antidotum Logam Berat. Disertasi, 
FMIPA UGM, Yogyakarta.  
Wulandari, R., Jumina, Siswanta, D., 2016, C–3,4–
dimethoxyphenylcalix[4]–resorcinarene 
triphenylphosphonium chloride adsorbent for 
sodium dedocylbenzene sulfonate removal, Int 
Journal of ChemTech Research, 9(12):549–557. 
Ying, G.G., 2006, Fate, Behavior and Effects of Surfactants 
and their Degradation Products in the 
Environment, Environ. International, 32:417–
431.  
Zhao, Y., Lu, P., Li, C., Fan, X., Wen, Q., Zhan, Q., et al., 
2013, Adsorption mechanism of sodium dodecyl 
benzene sulfonate on carbon blacks by adsorption 
isotherm and zeta potential determinations, 
Environmental Technology, 34(2):201–207. 
 
  
